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ENGINEERING EXPE1RIMENT STATION 
GEORGIA INSTITUTE OF TECHNOLOGY • ATLANTA. GEORGIA 30332 
Commander 
Naval Electronic Systems Command 
Washington, DC 20360 
Attention: Mr. Robert Reece 
PME 107-144 
Reference: Contract N00039-78-C-0224 
Subject: Monthly Progress Letter No. 1 
10 April 1978 - 30 April 1978 
Gentlemen: 
17 May 1978 
During late March and the month of April, work began on the development of 
the Five Channel Microwave Instrumentation Receiver. Primary emphasis was 
placed on the identification and order of long lead-time material required 
for receiver fabrication. The material which has been placed on order is 
identified in Enclosure 1 and represents an encumbrance of $26 . .SK or 80 per-
cent of the direct material (purchased parts) authorized under the contract. 
Work has begun on the functional and physical partitioning of the receiver 
system. The ideal choice of physical partitioning is influenced by the opera-
tional deployment of the system (e.g., piling, buoy, or platform). Since the 
details of the operational deployment of the system are uncertain, a submersible 
container adequate for housing the remote receiver subsystem and associated 
power supplies have been identified. Since the container can be used for most 
conceivable deployments of the receiver, the receiver physical design can proceed. 
Work has begun on the Equipment Test Plan (Sequence No. AOOl of Contract Data 
Requirements List). The proposed format of the Equipment Test Plan would include: 
(1) an analysis of a realistic test configuration including propagation and re-
ceiving antenna array considerations, (2) a brief development of receiver per-
formance objectives based on the test, and (3) a brief description of the test 
procedures used to verify the baseline performance of the receiver. The receiver 
performance characteristic of primary importance is power ratio measurement ac-
curacy, which can be directly related to DF errors in an amplitude comparison di-
rection finding system. Secondary performance characteristics of interest include 
sensitivity and dynamic range. The Test Plan submission will be delayed until the 
receiver deployment plan is firm. 
An Equal Employment/Education Opportunity Institution 
Mr. Robert Reece, PME 107-144 
Monthly Progress Letter No. 1 
17 May 1978 
Page 2 
During the reporting period the total and direct wage expenditures were 
approximately $2.4K and $1.4K respectively. The Materials and Supplies 
identified in Enclosure 1 will be reported as actual expenditures during 
subsequent reporting periods. 
APPROVED: 
/J 
D. K. Plummer 
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ENGINEERING EXPERIMENT STATION 
GEORGIA INSTITUTE OF TECHNOLOGY • ATLANTA, GEORGIA 30332 
Commander ' 
Naval Electronics Systems Command 
ATTN: Mr. Robert Reece 
PME 107-144 
Washington, DC 20360 
21 June 1978 
REFERENCE: Contract N00039-78-C-0224 
SUBJECT: Monthly Progress Report No. 2, 1 May 1978 - 31 May 1978 
Gentlemen: 
During the month of May the primary contract activity concerned the 
details of the receiver signal processing and control design. While these 
designs were not completed during the reporting interval, they were pur-
sued in sufficient depth to identify a majority of the materials (circuit 
components, etc.) necessary to implement the ancillary receiver function. 
This material has been placed on order. 
Feedback concerning the long lead time items discussed in Monthly Pro-
gress Letter No. 1 indicates that some material (notably rf components) may 
not be received until late (eg. September) in the contract period. At this 
point it appears that sufficient parts are on-hand under Contract N00039-74-
C-0278 to permit the construction and test of one receiver channel rf chain. 
It is requested that appropriate approval be given for the use of suitable 
N00039-74-C-0278 components in the execution of this contract. 
During the reporting period, the direct wage expenditures were approxi-
mately $2.8K. The total expenditures and/or encumbrances for the month were 
$22.9K. The total free balance remaining in the contract budget is $22.7K. 
The enclosed figure illustrates the contract expenditures and budget projec-
tions over the contract's duration. A similar figure will be provided in 
future progress reports. 
Approved: 
< ;JA 
D. K. Plummer 
T .F. -Divine 
Project Director 
Head, EM Surveillance Branch 
Enclosures 
An Equal Employment/Education Opportunity Institution 
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GEORGIA INSTITUTE OF TECHNOLOGY 
Engineering Experiment Station 
Radar and Instrumentation Laboratory 
21 May 1979 
I. INTRODUCTION 
This document describes qualification tests of the receiver for the Auto-
matic Direction Finding (ADF) Test Program to be conducted by Georgia Tech at 
the Naval Coastal Systems Center (NCSC). It is submitted in fulfillment of 
contract data requirement list item AOOl under Contract N0039-78-C-0224 des-
cribing the purpose of the entire experiment and contains a general description 
of test sites, equipment to be used and experilD.ental procedures. This Receiver 
Test Plan compliments and expands on the Experiment Test Plan. 
The philosophy of testing the receiver is substantially different from a 
qualification test for an item of purchased equipment or for procurement of a 
device utilized in an operational environment. The underlying purpose behind 
these tests is to ensure that the characteristics of the receiver will permit 
meaningful data to be collected and that characteristics describing the oper-
ation of the receiver are accurately recorded. In keeping with this philoso-
phy, detailed tests of the individual receiver components, while a necessary . 
part of the development program, are not specified as part of the Receiver 
Test Plan. Only their performance, when embedded as part of the overall system, 
has meaningful ilD.pact on the receiver characteristics which are important to 
this experiment. 
Since a primary objective of these tests is to accurately record receiver 
characteristics rather than to determine compliance with a set of specif ica-
tions, the gc/no-go results are established to encompass a relatively wide 
range of receiver parameters. The tests are designed to record the maximum 
amount of data useful in characterization of the data acquisition and analysis 
system. 
The following sec~ion describes a receiver qualification test procedure 
consisting of a number of individual performance tests to be carried out be-
fore equipment is sent to the field. 
II. RECEIVER QUALIFICATION TEST PROCEDURES 
A. Purpose 
The purpose of these test procedures is to ensure that characteristics of 
the receiver are suitable for the ADF Measurement Program, that the character-
istics of the receiver are accurately recorded for use in subsequent data an-
alysis and to answer any questions concerning receiver performance which might 
arise. It is specifically not intended that the receiver satisfy a set of 
military specifications, that it be capable of operating over an extreme tem-
perature range or that it be operated by other than trained scientific personnel. 
B. Location 
The receiver qualification test procedures will be performed at the con-
tractor's facilities, Georgia Tech Research Facility, Cobb County, Georgia. 
C. Test Instrumentation and Calibration 
Standard Georgia Tech calibration procedures established by our instru-
mentation calibration laboratory will be used to calibrate all appropriate test 
equipment utilized during the program. It is anticipated that all equipment 
for these experiments will be owned by Georgia Tech and subject to these cali-
bration requirements. Appropriate descriptive information concerning the 
identity of this equipment will be recorded on the appropriate data sheets. 
D. Support Requirements 
All necessary support will be provided by the contractor. 
E. Test Descriptions 
Five major tests will be performed as part of the qualification test 
procedures. 
E.l. Bandwidth 
The objective of this test is to determine the nature of the receiver 
passband, the levels of voltage output, the saturation levels of the system 
and the variation in bandwidth with changes in input signal strength. These 
tests will be conducted at center frequencies of approximately 3.0, 9.5 and 
14.5 GHz. They will encompass a range of input power from 0 dBm to less than 
-·-70 dBm. Figure 1, a simplified block diagram of the system, shows the use 
of a swept frequency source, a calibrated attenuator, an oscilloscope display 
and a camera or an X-Y chart recorder to record results. A sweep width of 
200 MHz about the center frequency will be established, the receiver tuned to 
that center frequency and the scope utilized to display a trace of detected 
receiver output as a function of input frequency. A value input power will 
be stepped in 10 dB increments from 0 dB to less than -70 dBm and will be uti-
lized in separate steps and recorded by sequential exposure on the same film. 
It is anticipated that a 3 dB bandwidth of approximately 50 MHz will be ob-
tained, and that this value will be no greater than 100 nor less than 35 MHz. 
Recorded data will be carefully annotated to indicate output voltage levels 
and the association of receiver bandpass traces with input signal power. 
E.2. Spurious Responses 
E.2.a. Spurious Signal Response 
The same data recording scheme will be used as with the band- . 
width measurements above, but the sweep width will be increased so the 1 to 
15 GHz range will be covered. The plots of receiver output as a function of 
input frequency will again be recorded for input signal values of -10, -30 
and -70 dBm. Data shall be carefully examined to ensure that spurious re-
sponses are at least 40 dB below those desired. 
E.2.b. Intercept Point 
A two-tone intermodulation distortion measurement will be per-
formed in the vicinity of 3.1 GHz (Figure 2) and the results plotted on log-
log graph paper to determine both the third order intercept point
1 
and the 
1 dB compression point. 
E.3. Equivalence of CW and Pulsed Measurements 
A calibrated crystal detector will establish equivalence in peak 
power between a CW signal and a pulsed single frequency signal. These signals 
will be sequentially injected into the receiver at operating frequencies of 
3.1, 9.5 and 14.5 GHz to ensure that the output signal is independent of 
1Electronic Design, 1 Feb. 1967. "Don't Guess the Spurious Level," McVay, 
Franz C. 
pulse length. Continuous wave signals and pulse signals having pulse lengths 
2, 1, 0.5 and 0.25 microseconds will be utilized. A simplified block diagram 
of the measurements set-up is included as Figure 3. 
E.4. Minimum Detectable Signal 
The test set-up described in Figure 3 will be utilized with a 1.0 
microsecond wide pulse to establish the level of minimum detectable signal. 
While this signal is a difficult measurement to make, the use of tangential 
signal sensitivity provides a much more repeatable value. At least three 
measurements of tangential signal sensitivity will be made by a minimum of 
three different operators at each frequency in order to establish the level of 
tangential sensitivity, the average of these readings being the measured value. 
The known relationship between minimum detectable signal and tangential signal 
sensitivity will then be used to determine the minimum detectable signal for 
the system. 
E. 5. Logarithmiticity 
The linearity of the transfer function between detected signal out-
put of the receiver and the input signal power in dBm will be established 
utilizing the experimental set-up described in Figure 4. A continuous wave 
injected signal tuned to the receiver's center frequency will be stepped in 
5 dB increments throughout the receiver's dynamic range to ensure a linear 
and known relationship between receiver input power in dBm and signal output. 
If deviations over a 50 dB dynamic range from a straight line of less than 
1 dB cannot be achieved, the experiment will be repeated using 2 dB incre-
ments. Tests will be performed at a center frequency of 3, 9.5 and 14.5 GHz 
at 15°C, 20°C, 25°C and 30°C ambient temperature. 
F. Delivery of Documentation 
Within thirty days after completion of the receiver qualification test 
procedures, copies of all completed data sheets and a copy of the receiver 
test plan will be forwarded to the sponsor for his records. Included in this 
data package will be a letter discussing deviations of the results from expected 
values and indications of the impact of these deviations on the experiment. 
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Georgia Institute of Technology 
ENGlf'..IEERING EXPERIMENT STATION 
ATLANTA. GEORGIA 30332 
26 March 1981 
Department of the Navy 
Naval Electronics Systems Command 
Washington, D.C. 20360 
Attention: Mr. Ed Walsh 
Code PME 107-14 
Reference: Contract No. N00039-78-C-0224 
Subject: 
Gentlemen: 
"Assembly and Test of Instrumentation Receiver for 
Automatic Direction Finding Equipment Evaluation" 
Georgia Tech/EES Project A-2134 
DD1423 Item A002 - Test Report 
Attached to this letter is a test report for your review and 
approval. This report is the result of testing undertaken in 





/ ' v r v---v v~ v 1 , 
Harold L. Bassett, Chief 
Modeling and Analysis Division 
Respectfully submitted, 
/J 
~:m~ 's~ Ussailis 
Project Director 
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Pulse Width (ns) 
Channel cw 2 1 0.5 
1 6.3V 6.2V 6.3V 6.3V 
2 6.0 5.9 6.0 6.0 
3 6.3 6.2 6.3 6.3 
4 6.0 5.9 6.0 6.0 
5 5.6 5.5 5.6 5.6 
1 6.2V 6.lV 6.2V 6.2V 
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3 6.2 6.1 6.2 6.2 
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2 6.2 6.1 6.2 6.2 
3 6.3 6.2 6.3 6.3 
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5 5.5 5.4 5.5 5.5 
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